The JET tokamak is operated with beryllium and tungsten plasma-facing components to prepare for the exploitation of ITER. Marker tiles were installed in the limiters and divertor in order to determine the erosion and deposition. Specimens from different Be marker tiles of the ITER -Like wall JET tokamak main chamber and from the exposure periods 2011-2012 and 2013-2014 were investigated using nuclear reaction analysis, X-ray fluorescence spectroscopy and scanning electron microscopy in order to assess the deposition focusing on the C deposition, erosion and surface morphology.
Introduction
The Joint European Torus (JET) the largest experimental fusion device with plasma magnetic confinement, investigates the potential of fusion power as a future energy source [1] . Its main scientific mission is to develop plasma operation scenarios for a reactor-class machine such as ITER. This includes also the performance test of plasmafacing materials (PFM) and components (PFC).
In 2010/11 the plasma facing material of JET tokamak was changed from carbon to a combination of metallic elements. More specifically, the first wall of the main chamber was covered with Be, while the divertor was covered with W [2, 3] . Additionally, marker tiles were posed as erosion -deposition diagnostic tools [3] . The marker tiles of the main chamber consisted of a thin Be top layer (8-10 μm), a Ni interlayer (2-3 μm) and bulk Be [4] .
Three experimental campaigns (ILW-1 2011/12, ILW-2 2013/14 and ILW-3 2015/16) with different operational characteristics were carried out. In the current work, samples from different marker tiles of the main chamber and the first 2 campaigns were analyzed to understand the effects of plasma on the surface of the plasma-facing materials using the following analytical techniques: Nuclear Reaction Analysis (NRA), X-ray Fluorescence Spectroscopy (XRF) and Scanning Electron Microscopy (SEM) with Energy Dispersive Analysis (EDS). Fig. 1a shows the poloidal cross section of the JET tokamak and the position of the marker tiles, whereas in Fig. 1b the pictures of the marker tiles and the position of the investigated samples are depicted. Table 1 presents the investigated samples from the various positions of the JET tokamak which are shown in Fig. 1 . The nominal composition of the marker tiles before the plasma exposure was Be (bulk)/ Ni ((2.5±0.5) μm)/ Be ((8±1) μm) where the nickel is used as interlayer in order to assess the erosion of the surface. Additionally, a sample with composition Be (bulk)/ Ni ((2.6 ± 0.1) μm)/ Be ((7.6 ± 0.1) μm) was used as reference sample.
Sample and Experimental Details
The carbon depth profile was determined with the NRA technique using the interaction 12 C(d,p0) 13 C and employing the cross section of [5] . The NRA measurements were carried out at the 5.5 MeV Tandem accelerator of NCSR "Demokritos". The samples were irradiated with a 1.35 MeV deuterium beam and the products were detected at 170 degrees with respect to the beam axis by a silicon surface barrier detector. A kapton foil, with thickness of 14 μm, was used in order to avoid the overlapping of 12 C(d,p0) 13 C peak with the alpha peaks from Be. The experiment was carried out under high vacuum (10 -7 mbar). Additionally, for the current research the cross section of the 9 Be(d,p0) 10 Be reaction was used. The evaluation of the data was performed using the SimNRA program [6] .
The XRF measurements were conducted using Amptek's system with an Ag X-ray tube, a high voltage of 30 kV and a silicon drift detector [7] . A collimator of 1 mm diameter was used. Elements with Z>11 are detected with a detector limit in the order of ppm. Quantification was achieved employing XRF-FP X-ray analysis software and using a NIST stainless steel 316 standard [8] . SEM measurements were carried out on a FEI Quanta Inspect SEM coupled with Energy Dispersive Spectroscopy (EDS). For the EDS a voltage of 12.5 kV was used.
Results and Discussion
The 12 C(d,p0) 13 C peak was observed in NRA spectra of all the samples. The presence of the C is due to remnants from the previous wall and migration of other parts of the JET chamber which still consist of C [3] . Fig. 2 shows a representative experimental spectrum of the OPL (120) sample and the simulation of the 9 Be(d,p0) 10 Be and 12 C(d,p0) 13 C reactions. The cross section of the 9 Be(d,p0) 10 Be reaction has been measured for neutron energy higher than 1 MeV, this is the reason why the simulation stops before the end of the 9 Be(d,p0) 10 Be peak. Apart from the simulated peaks, the peaks of the 9 Be(d,t) 8 Be, 16 From the simulation of the NRA spectra, we can assess the C total surface atomic density and the corresponding deposition depth (Table 1) as well as the C concentration as a function of depth ( Fig. 3 ). According to Table 1 , DP (80) presents the highest C surface atomic density ((11.8±0.6)×10 17 at/cm 2 ) and deposition thickness (6.7 μm). For the OPL, the sample from ILW-1 campaign (OPL (120)) has more C surface atomic density ((2.9±0.2)×10 17 at/cm 2 ) than from the ILW-2 campaign (OPL (320) ((0.35±0.07)×10 17 at/cm 2) . For the IWGL RH Outer, the C surface atomic density does not present significant change from the first (IWGL (27), (3.6±0.3)×10 17 at/cm 2 ) to the second (IWGL (191), (4.0±0.3)×10 7 at/cm 2 ) campaign; for the Centre (IWGL (174) ), the C surface atomic density and deposition thickness are quite small ((0.70±0.5)×10 17 at/cm 2 and 0.8 μm), while for the RH wing they are quite high ((7.6±0.3)×10 17 at/cm 2 and 5.5 μm). Fig. 3 , the C concentration has the highest value in the first layer up to 1 μm depth and then it reduces abruptly for all samples except for IWGL (191). Fig. 4 shows the 9 Be(d,p0) 10 Be peak of the plasma exposed samples and the reference one. In the reference sample, the peak between the 4 and 4.5 MeV energy corresponds to the Be top layer ((7.6 ± 0.1) μm), the absence of he peak in the region from 3.75 to 4 MeV is related with Ni interlayer and additionally a part of the bulk Be is also detected (E < 3.75 MeV). The spectra of the sample DP (80) and IWGL (76) shows that after the Be top layer, a mixed layer with Be and Ni has been formed. In samples OPL (120) and IWGL (174), the Be top layer became thinner as a result of the slight erosion (<8 μm) that these samples have been suffered. On the other hand, the Be top layer and Ni interlayer of samples IWGL (320) and IWGL (174) are totally absent, which is probably due to strong erosion (>11 μm). Finally, the sample IWGL (27) has a top layer with low Be concentration which means that a mixed layer has been formed. Probably part of Ni interlayer has come to the surface due to erosion (8-11 μm). 
According to

IWGL (76)
Be bulk Ni Fig. 4 : Comparison of the 9 Be(d,p0) 10 Be peak between the reference sample and samples after the plasma exposure Fig.5 : XRF results for exposed to plasma and reference samples Fig. 5 presents the results of the XRF analysis. This technique detects elements with Z>11, so the elements D, Be, C and O are not detected. In all samples including the reference one, the elements Ti, Cr, Mn, Fe, Ni and W are detected. In samples OPL (320) and IWGL (174), the Ni concentration is much lower than in the reference one; this fact confirms the enhanced erosion of these samples. The W concentration in all samples is much higher than in the reference one, which means that W has been deposited on the main wall tiles during the plasma operation. Fig. 6 shows indicative SEM images of the surface morphology of reference sample and DP (80), OPL (120) and IWGL (76). The DP (80) presents areas with intensive deposition (Fig. 6b ). The OPL (120) has some areas rich in Be (dark) and others rich in Ni (light) ( fig. 6c ), which is interpreted as partial erosion (<11 μm). OPL (320) (not shown) have suffered enhanced erosion (>11 μm) in agreement with the other techniques (NRA and XRF). Prolonged Be structures are observed in sample IWGL (174) (not shown) which has been eroded for depth larger than 11 μm (Fig.4) . 6d ).
Conclusion
Samples retrieved from different Be marker tiles of the JET tokamak main chamber were analysed using various analytical techniques (NRA, XRF and SEM) in order to assess the deposition -erosion and the morphology of the surface. Results of the quantification of C deposition shows that the C surface atomic density varies between (0.35±0.07)×10 17 and (11.8±0.6)×10 17 at/cm 2 while the deposition depth varies between 0.4 and 6.7 μm. Additionally, in all samples except IWGL (191) the C concentration is higher on the surface (<1 μm) than in deeper layers.
The Dump Plate centre area from the ILW-1 campaign presents areas with deposition and the highest C surface atomic density. For the OPL RH outer area samples were investigated from the ILW-1 and ILW-2 campaigns: The sample from the first campaign presents a partial erosion (<11 μm), while from the second the sample has suffered enhanced erosion (>11 μm); additionally the C deposition for the ILW-2 is lower. The IWGL centre area from the ILW-1 campaign suffered strong erosion (>11 μm) and very low C deposition is detected. Regarding the IWGL RH outer area, the sample from ILW-1 campaign has suffered more erosion (the Be top layer is absent) than that from the ILW-2 campaign (<11 μm). Finally the IWGL RH wing presents melting surface and high C deposition.
